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The  aim  of  this  study  was  to  assess  the  temperature  effect  on  growth  and 
development parameters in uniform (pure culture) and heterogeneous (grass-clover 
mixture)  red  clover  canopies  with  or  without  foliar  fertilization  in  the  most 
productive year of red clover. The relationships between biological efficiency (εb), 
Leaf Area Index (LAI), canopy height growth (Hts), light environment (PAR) and 
temperature  in  uniform  and  mixed  canopies  for  both  clover  ploidy  groups  are 
presented. The temperature effect on red clover LAI corresponded to a non-linear 
sigmoid function. The second foliar fertilizer application had a major effect on leaf 
area development in uniform canopies.  Both  ploidy  groups  had  a  similar  LAI 
growth trend and favorable responses to foliar fertilization. The correlation 
between  leaf  area  growth  and  temperature  was  statistically  significant 
(p<0.05) for red clover cultivars in the unfertilized grass-clover mixtures. The 
hybrid  ryegrass  showed  higher  regression  coefficients  in  tetraploid  clover 
mixtures  (p<0.01).  Foliar  fertilization  determined  the  smoothing  of  species 
behaviors to the temperature regime meaning that the differences between diploids 
and tetraploids, and between hybrid ryegrass from both variants were less visible. 
Key words: red clover, hybrid ryegrass, mixed canopies, temperature effect, growth 
and development modelling 
 
 
Introduction 
During the last decades, red clover (Trifolium pratense L.) was identified as an 
alternative  fodder  crop  in  Romania,  because  of  its  ecological  plasticity  and 
contribution to nitrogen input in the soil. Red clover pure cultures were found to be 
almost vulnerable since the species might be outcompeted by weed species and 
significantly affected by root rot phenomenon. Addition of the proper grass species 
could  ameliorate  this  situation,  as  it  will  make  the  canopy  more  competitive. 
Temperature represents the most important factor that influences the respiration   304
process, being also a limitative factor. Once the temperature is rising, the intensity 
of photosynthesis is increasing. Furthermore, temperature governs the plants’ tissue 
modifications, high temperatures determining the lignin content increasing. For the 
majority of biological processes, the rate of development is significantly dependent 
on temperature. Temperature regime sensibly governs the growth and development 
rates, in conformity with Van’t Hoff rule, which states that the growth rate doubles 
with each 10°C increment within 5-35°C range. The daily temperature sum S (T-Ti) 
concept illustrates this interdependency considering that the development rate (n ) 
is proportional with the daily average temperature (T) minus the initial temperature 
(Ti):  ) ( i T T a v - = , where a – constant.  
Optimal  plants  development  is  possible  when  a  sufficient  diurnal  daily 
temperature sum is accumulated within the vegetation stage. The degrees amount 
of this sum is a characteristic of the species. Red clover begins to germinate at 1°C, 
but  the  optimal  temperature  interval  is  within  20°  and  30°C.  Compared  with 
alfalfa, red clover has a slower development rate. Consequently, 800°-900°C are 
required  until  the  flowering  induction,  and  1000°-1200°C  until  full  flowering 
(Safta,  1965  cited  by  Moga  I.  et  al.,  1996).  Data  on  temperature  effects  were 
presented  by  Chugunova  and  Romanova  (1988)  who  compared  early  and  late 
cultivars maintained at low (8°/ 6°C) and high (20°/ 18°C day/night) temperatures. 
The low temperature during early growth stages (up to unifoliate leaf appearance) 
followed by high temperatures induced early maturity in the early cultivar. The 
early cultivar had greater fresh weight accumulation, higher rate of photosynthesis, 
and efficiency of its dark and light reactions and higher rate of dark respiration. No 
differences occurred when both cultivars were grown at the elevated temperature 
(20°/ 18°C day/night). In similar experiments, effect on temperature in early and 
late  cultivars  as  expressed  on  ribulose-biphosphate  carboxylase  was  assessed. 
Enzymatic activity was initially higher in the early cultivar at 10°/ 4 °C (day/night) 
but rose (compared with 20°/ 18°C day/night treatment) to a greater extent in the 
late  cultivar  (Karpilova  et.  al.,  1988).  In  slant-board  studies  the  optimum 
temperature was 25 to 27°C (based on root and shoot weights, respectively). The 
results are similar to those expected from field trials except optimum temperatures 
are higher than in other research (Kendall et al., 1994).  
The  most  important  modification  in  plant  phenology  is  the  shift  from 
vegetative  stage  to  the  reproductive  stage,  which  is  highly  dependent  on  the 
temperature evolution. Since many physiological and morphological processes are 
changing with the physiological stage of development (phenophase), the detailed 
analysis  of  the  growth  and  development  in  each  stage  is  required  to  build  a 
plausible  crop  model.  Temperature  is  the  main  factor  of  morphological 
modifications in the situations of potential production. The simplest approach is the 
linear  correlation  between  the  rate  of  development  and  temperature  using  utile 
temperatures sum, which gave satisfactory results for many species (Spitters and 
Aerts, 1983). However, there are many situations when the rate of development 
and temperature are correlated in a non-linear manner (Penning de Vries et al.,   305
1989). Leaf area is exponentially increasing more or less in time, the temporal 
factor being expressed as temperatures sum.   
In this context, it is the purpose of this study to assess the temperature 
effect  on  growth  and  development  indices  in  uniform  (pure  culture)  and 
heterogeneous (grass-clover mixture) red clover canopies with or without foliar 
fertilizers application in the second year of cropping (the most productive year of 
red clover).  
  
Materials and Methods 
 
The experiment was carried out on plots in Târgovi te Plain (Dobra: N 
44°46¹.905, E 25°43¹.045, 179-m altitude). Six red clover cultivars (Napoca-Tetra, 
Dacia Tetra, Vesna – tetraploids; Flora, Roxana, Start – diploids) were used in 
pure culture and in mixture (50:50) with hybrid ryegrass (Zefir – tetraploid) in a 
randomized block design with three replicates.  
The  plots  were  sown  on  April  24,  2004.  Climatic  data  of  the  2004 
vegetation  season  showed  a  rainfall regime  closed to  the  normal  of the  region 
(205.4  mm  in  March-May,  213.7  mm  in  June-July  and  111.4  mm  in  August-
September). In comparison with 2004, the next year annual rainfall sum exceeded 
1000 mm. The rainfall multi-annual average recorded in Targoviste Plain between 
1995  and  2004  was  474.69  mm.  Rainfalls of  the  2005  vegetation  season  were 
significantly higher than in 2004: 308.8 mm in March-May, 283.7 mm in June-July 
and 448.7 mm in August-September.  
Annual  average  temperature  (9.3  °C)  in  2005  was  the  lowest  in  entire 
1995-2005 interval (10.29 °C average). The soil was pseudogleic brown alluvial. In 
the first year, the plants were given nitrogen fertilizer in all experimental variants at 
one rate (40 kg N ha
-1) to avoid nutrient limiting growth. In the second year (2005), 
foliar fertilization (N15P5K30+3MgO) was applied in the specific variants six times 
during  the  vegetation  season.  Starter  doses  of  simple  super-phosphate  (16-22% 
P2O5) were given in all variants at one rate. Three forage cuttings were performed 
each year (in 2004 and in 2005). C4, C5, and C6 are the abbreviations for the 
growth  cycles  in  2005  until  cutting  dates.  A  complete  description  of  the 
experimental design, biologic material, herbage measurements and environmental 
conditions monitoring can be found in Dunea D., 2006.  
 
Results and Discussions 
 
Plant communities are aggregations of species entities that compete within 3-
D  space  to  acquire  vital  resources  (light,  water  and  nutrients).  Complex 
ecophysiological mechanisms exist between resources capture and plant responses, 
which  engender  modifications  of  canopy  dynamics  and  roots’  development 
patterns (Dunea D., 2005). In grass-clover mixtures, a closed and persistent stand 
with  sufficient  legume  participation  might  be  obtained  when  the  dual  stability 
thresholds (optimal light, water and mineral elements resources requirements) are   306
identified for both components: accompanying grass or grasses – red clover. Crop 
practices must be adapted according to these identified thresholds. Plants’ height 
inside the canopy can be represented with a logistic function of the phenophase or 
of the temperatures sum (ts, °C day
-1) (Spitters, 1989), as follows: 
 
( ) ( ) ts s b H H m ts × - × + = exp 1 /                               (1)   
                 
where: Hts – plant height at ts moment (m); Hm – plant maximum height of the 
species (m); b – parameter of the logistic function (-); s – parameter of the logistic 
function ((°C day)
-1). 
Height measurements of the species and the results from equation 1 were used 
to model the dynamical evolution of the canopy average height in the red clover-
hybrid ryegrass mixture. In the interspecific competition situation of the mixed 
canopies,  the  height  increasing  may  be  drastically  reduced  by  shadowing  the 
species with smaller height, which determines the assimilation rates diminishing of 
this species. Competition for light depends on the canopy architecture, which is the 
association degree of the component species foliages in time and space.   
Table 1 presents the relationships between aboveground biomass conversion 
efficiency  (εb),  Leaf  Area  Index  (LAI),  canopy  height  growth  (Hts),  light 
environment  (PAR)  and  temperature  in  uniform  (red  clover  pure  culture)  and 
heterogeneous (grass-clover mixture) canopies for both ploidy groups. Biological 
efficiency εb (g D.M. MJ
-1/°C) ranged from 0.014 to 0.051 being more evident in 
red clover mixtures compared to clover pure cultures in all production cycles. In 
the domain literature values of 0.027 g D.M. MJ
-1/°C in lucern (Allirand, 1998), 
and  for  species  with  C4  metabolism  such  as  0.16  in  sorghum  (Hammer  and 
Vanderlip, 1989), and 0.27 in maize (Andrade et al., 1993) are presented. The 
influence of genotype was not significant in clover pure cultures or mixtures, either 
unfertilized or foliar fertilized variants, excepting the last production cycle (C6), 
when  foliar  fertilization  of  the  diploid  cultivars  mixtures  with  hybrid  ryegrass 
provided better results than in tetraploid mixtures. Foliar fertilization showed the 
highest influence on εb in the first production cycle (C4). 
LAI growth rate (cm
2 MJ
-1/°C) of red clover foliage ranged from 10.74 to 
14.51 in C4. The fastest leaf area growth was observed in the fertilized diploid pure 
cultures. Hybrid ryegrass competition was more evident in the fertilized mixtures 
decreasing the red clover LAI growth rate as compared to pure cultures. 
Average height growth rate Hts (mm MJ
-1/°C) was faster in diploids than in 
tetraploids in pure cultures. In mixtures, hybrid ryegrass presented a faster vertical 
development  than  red  clover.  Zefir  tetraploid  ryegrass  cultivar  exceeded  the 
average  height  of  the  red  clover  cultivars  with  27 cm  in  C4,  and  8  cm  in C5 
periods, but lowered with 2.5-3 cm under clover heights in C6. In the uniform 
canopy, Start diploid cultivar showed the maximum canopy height from all clover 
cultivars in all the periods due to its specific biometric characteristics, especially 
the thin and erect shoots which recommend this cultivar for pasture or mixed use.   307
In  the  first  production  cycle  (C4  period),  foliar  fertilization  provided  high 
vertical  growth  rates  of  the  hybrid  ryegrass  shoots,  maximizing  the  mixed 
canopy space filling with this species rather than with clover component.  
Thornton  et  al.  (1990)  pointed  out  that  competition  intensity  between 
grass and clover is reduced when species foliages are situated in separated 
regions  within  canopy  vertical  profile.  In  grass-clover  mixtures,  the  most 
efficient species in the resources competition is the one who maintains the 
foliage in advantageous positions and not the one who detains the maximum 
LAI  (Nassiri,  1999).  A  strong  relationship  exists  between  plant  height  and 
competitive ability of the species.   
 
Table 1 Relationships between aboveground biomass conversion efficiency (εb), Leaf Area 
Index  (LAI),  canopy  height  growth  (Hts)  and  temperature  in  uniform  (red  clover  pure 
culture) and heterogeneous (grass-clover mixture) canopies of diploid (2n), and tetraploid 
(4n) cultivars in Târgovi te Plain; Mt – not fertilized, Ft – foliar fertilized variant. 
Indicator  Assessment
Period 
Effective Daily 
Average Temperature
Mt  Ft 
4n  2n  4n  2n 
  εb (g D.M. MJ
-1/°C) – Biological efficiency  
Pure culture  C4 
(105 days)  13.96°C 
0.027  0.029  0.044  0.046 
Red clover mixture  0.037  0.038  0.049  0.051 
Pure culture  C5  
(59 days)  20.79°C 
0.014  0.014  0.019  0.018 
Red clover mixture  0.019  0.021  0.026  0.026 
Pure culture  C6  
(39 days)  14.72°C 
0.023  0.025  0.025  0.027 
Red clover mixture  0.026  0.040  0.027  0.040 
 LAI (cm
2 MJ
-1/°C) – Leaf Area Index 
Pure culture  C4  
(105 days)  13.96°C 
10.74  11.18  14.24  14.51 
Red clover mixture  11.29  11.58  13.35  13.44 
 
  Hts (mm MJ
-1/°C) – Average Height 
Red Clover  Hybrid Ryegrass 
4n  2n 
Pure culture  C4 
(105 days)  13.96°C 
0.113  0.124  - 
Red clover mixture  0.096  0.151 
Pure culture  C5  
(59 days)  20.79°C 
0.098  0.107  - 
Red clover mixture  0.098  0.116 
Pure culture  C6  
(39 days)  14.72°C 
0.177  0.198  - 
Red clover mixture  0.179  0.167 
 
The  linear  relationship  between  height  increasing  of  the  uniform  red 
clover canopies and daily average temperatures sum in all three production 
cycles  provided  statistically  significant  regression  coefficients.  Same  trend 
was  observed  for  both  component  species  in  the  mixed  canopies.  The  last 
production cycle presented higher correlation coefficients.     308
Leaf area development is highly dependent on the temperature evolution. In 
this section, the experimental results from the first production cycle (C4 - 105 
days) were selected for representation because this cycle was contributing for 55-
65%  from  the  annual  forage  yield.  The  temperature  effect  on  red  clover  LAI 
corresponded to a non-linear sigmoid function:   
 
f = a/(1+exp(-(x-x0)/b))                  (2) 
Figure  1  highlights  the  effect  of  accumulated  temperatures  in  C4  cycle  on 
Leaf Area Index (LAI) for diploid (2n) and tetraploid (4n) cultivars in pure 
culture  expressed  as  non-linear  regressions  and  corresponding  R-squared 
values  for  untreated  variant  (Mt)  and  fertilized  variant  (Ft).  The  statistical 
significance (p<0.05) of R
2 values was observed in all the variants. The second 
foliar fertilizer application had a major effect on leaf area development in uniform 
canopies. Both ploidy groups had a similar LAI growth trend and favorable 
responses to foliar fertilization.   
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Fig. 1 Effect of accumulated temperatures on Leaf Area Index (LAI) for diploid (2n) 
and tetraploid (4n) cultivars in pure culture in C4 cycle (105 days) expressed as non-
linear sigmoid regressions and corresponding R-squared values for untreated variant 
(Mt) and fertilized variant (Ft): y – LAI; x – daily average temperatures sum; ­ - 
foliar fertilizer (N15P5K30+3MgO) application in Ft variants.   
 
R-squared value of tetraploid cultivars was superior (0.9714) in Mt and 
inferior (0.9814) in Ft variants compared to diploid pure cultures. In red clover 
uniform canopy, the absorption efficiency of light becomes constant between LAI 
of 3.5-6.5, and the canopy reflectance diminishes with leaf area increment. The 
absorption coefficient for red clover canopy ranges between 0.81and 0.86 (Dunea 
D.,  2005).  In  the  mixed  canopies,  the  same  non-linear  function  given  by   309
equation 2 was used to correlate leaf area growth of each mixture component 
with the temperatures sum accumulated during C4 cycle. In the unfertilized 
variants,  the  correlation  between  leaf  area  growth  and  temperature  was 
statistically significant (p<0.05) for red clover cultivars. The hybrid ryegrass 
showed higher regression coefficients (0.9951) in tetraploid clover mixtures 
(p<0.01). Figure 2a presents these aspects and the superior concurrence capacity of 
the hybrid ryegrass compared to tetraploid red clovers in absence of fertilization. 
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Fig. 2 Effect of accumulated temperatures in C4 cycle (105 days) on Leaf Area Index 
(LAI) of species components  within grass-clover mixed canopy expressed as non-
linear sigmoid regressions and corresponding R-squared values for untreated variant 
(Mt)  and  fertilized  variant  (Ft):  A.  diploid  (2n)  and  tetraploid  (4n)  cultivars  in 
mixture with hybrid ryegrass without fertilizer application (Mt); B. foliar fertilized 
variants (Ft); y – species LAI; x – daily average temperatures sum; ­ - foliar fertilizer 
(N15P5K30+3MgO) application in Ft variants (B.).   310
 
Foliar  fertilization  determined  the  smoothing  of  species  behaviors  to  the 
temperature regime meaning that the differences between diploids and tetraploids, 
and  between  hybrid  ryegrass  from  both  variants  were  less  visible  (fig.2b).  R-
squared values were significant, as follows: R
2 = 0.9939 (p<0.01) for tetraploid red 
clover cultivars, R
2 = 0.9854 (p<0.05) for diploid red clover cultivars, R
2 = 0.988 
(p<0.05) for hybrid ryegrass in mixtures with tetraploid clovers, and R
2 = 0.989 
(p<0.01) for hybrid ryegrass in mixtures with diploid clovers.      
 
 
Conclusions 
 
Species  competitiveness  in  grass-clover  mixtures  depends  on  the 
deployment efficiency and growth rate of morphological organs specialized to gain 
resources.  The  rate  of  development  is  significantly  dependent  on  temperature 
regime. Crop models could use the variables obtained from this type of approach to 
respond to spatial variations in local conditions, which result from plant growth, by 
incorporating more detailed patterns of temperature influence.  
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